


acceptor molecule with respect to 
aromatic compounds5 and to 
possess a cohesive energy density 
at high compression equal to that 
of pyridine and phenol, two non- 
destructive extractants for coal. 
Ethylene, despite its flammability, 
can enhance the vapor pressure of 
naphthalene by a factor of 26,000, 
hence accelerating its removal 
from the coal matrix. Naphtha- 
lene is but one of the many 
polynuclear aromatic hydro- 
carbons which appear associated 
with coal. For ammonia to be 
employed, one must operate the 
extraction device above 132”C, 
the critical temperature of 
ammonia, to avoid liquefaction of 
the gaseous solvent. Despite this 
requirement, ammonia possesses 
a lone pair of electrons, an 
important prerequisite as noted 
by Dryden for a coal 
extractant. 

Our experimental apparatus 
employs commercially available 
high pressure components. 
Compression of the solvent gas to 
pressures exceeding those 
available in commercially bottled 
gas is achieved by utilizing a 
diaphragm compressor. The 
compressed fluid is then stored 
in a high pressure ballast tank 
either as a liquid or gas; 
however, the former condition 
requires thermostating at 
temperatures always above the 
critical temperature to avoid 
liquefaction. We favor storage of 
the solvent gas in the liquid form 
and employ equilibration coils 
prior to introduction of the gas to 
the extraction chamber to effect 
the transition of the solvent into 
the gaseous state. 

The extraction chamber being 
used consists of a high pressure 
bomb into which finely pul- 
verized coal has been placed. 
Extraction is affected by 
introducing the compressed gas 
into the chamber and allowing 
it to equilibrate with the coal. 
Subsequently, the gas containing 
the dissolved chemicals is 
reduced to atmospheric pressure 



through a reducing valve and 
the material leached from the 
coal collected. 

Two modes of extraction are 
possible with the above 
apparatus. The first involves the 
stepwise increase in pressure of 
the solvent gas and collection of 
the extract after each stage. Such 
a procedure would tend to 
“cream off” the more volatile 
components first, leaving behind 
a coal of potentially high coking 
value, free of any traces of 
solvent. The second mode of 
extraction involves compression 
to an elevated pressure and 
subsequent jetting of the pressure 
to collect various chemical 
fractions. 

Extracts are being characterized 
by liquid and gas chromatography 
and the collected fractions 
analyzed by infrared, ultraviolet, 
and nuclear magnetic resonance 
spectroscopy. We are most 
fortunate in our department to 
have access to a Waters ALC-202 
high pressure liquid chromato- 
graph equipped with four micro- 
Styragel columns for rapid 
molecular weight characterization 
of the extracts. 

Our experiments should 
provide some insight into the 
mechanisms of coal processing on 
the industrial level. The Bureau of 
Mines’ synthane process employs 
steam or carbon dioxide to lower 
the caking propensity of coal 
which if left untreated would 
otherwise agglomerate in the 
reactor bed. It is not known what 
function carbon dioxide plays 
in altering the coal structure;’ 
however, it is entirely possible 

that our experiments will show 
that the degree of caking is a 
function of volatiles content of the 
coal. Hence, poor caking coals 
should be considerably upgraded 
through compressed carbon 
dioxide extraction. In addition, 
our pressure dependent extracts 
should involve considerably less 
molecular complexity than those 
obtained via conventional liquid 
extraction methods and allow 
correlations to be made between 
the pressure dependent cohesive 
energy density of the solvent gas 
and the chemical nature of the 
extract. 

In summary, our research is 
attempting to ascertain the 
advantages of compressed gas 
extractions as applied to coal 
processing. The ability to perform 
extractions and isolate solvent- 
free extracts as well as solvent- 
free coal overcomes some of the 
problems associated with liquid 
diluents. From a more academic 
point of view, this low tempera- 
ture extraction technique should 
allow the extracted products to 
be related back to the original coal 
and hopefully improve our 
understanding of the chemical 
composition and structure of coal. 

Jerry W. King, assistant pro- 
fessor of chemistry, has been with 
the university since 1974. He 
earned both the B. S. and M. S. 
at Butler University and the Ph.D. 
at Northeastern University. 

References: 
1. C. DeMarsiBy, AM. Chim. et phys., 66,167 (1862). 
2. I. G. C. Dryden in “Chemistry of Coal Utilization,” H. H. Lowry, ed., John Wiley & Sons, Inc., N.Y., 1963, p. 249. 
3. J.S.S. Brame and J.G. King, “Fuel-Solid, Liquid, and Gas,” 
4. Dryden, p. 1,090. 

St. Martins Press, N.Y., 1967, p. 106. 

5. D. W. Van Krevelen, ” Coal,” Elsevier Publishing Co., Amsterdam, 1961, p. 187. 
6. L. McLaren, M.N. Myers, and J.C. Giddings, Science, 159,197 (1968). 
7. G.L.Tingey and J.R. Morrey, “Coal Structure and Reactivity,” 

1975, p. 34. 
Batelle Pacific Northwest Laboratories, Richland, Wash., 

29 


